Malaria is a vector borne disease which is a major cause of morbidity and mortality. It is one of the major diseases in the category of infectious diseases. The survival and bionomics of malaria is affected by environmental factors such as climatic, demographic and land-use/land-cover etc. Currently, a very few under developing countries are using Geo-informatics approaches to control this disease. Gujrat a district of Pakistan, is still under threat of malaria disease. Current research is carried on malaria incidents obtained from District Executive Officer of Health Gujrat. The objective of this study was to explore the spatio-temporal patterns of malaria in district Gujrat and to identify the areas being affected by Malaria. Furthermore, it has been also analyzed the relationship between malaria incident and environmental factors in highly favorable zones. Data is analyzed based on spatial and temporal patterns using (Moran's I). Moreover cluster and hot spots analysis were performed on the incident data. This study shows positive correlation with rainfall, vegetation index, population density and water bodies; while it shows positive and negative correlation with temperature in different seasons. However, variation between amount of vegetation and water bodies were observed. Finding of this research can help the decision makers to take preventive measures and reduce the morbidity and mortality related with malaria in Gujrat, Pakistan.
INTRODUCTION
Malaria is a vector borne disease which is a major cause of morbidity and mortality. More than two hundred million people are affected in 91 countries with an increase of 5 million cases over 2015 by malaria in a calendar year (WHO, 2017) . It is one of the major diseases in the category of infectious diseases. Malaria is a major disease affected by environmental factors. The survival and bionomics of malaria is affected by climatic variables like rain fall, humidity, temperature etc. Currently, very few countries are using Geoinformation technology to control this disease (Coleman et al., 2007; Coleman et al., 2006) . Geo-informatics is used worldwide to monitor malaria transmission attributes and its social and cultural aspects (Daash et al., 2009 ). There is a need to identify the hot spots where concentration of malaria vector borne disease is high based on climatic factors.
Around 3-5 billion cases of malaria are reported each year from which almost two million patients have lost their lives. Moreover, almost 80% of the cases of malaria are reported from Sub Saharan Africa (Abdulhakim, 2013) . Mapping of malaria-risk zones in many parts of the world has been successfully validated by the integrated use of Geographical Information Systems (GIS) and Remote ensing (RS) (Sithiprasasnaet al., 2005; Donguset al., 2007) . More than three hundred million people are at risk of malarial infection around the world as environmental factors are contributing in the transmission of disease and its seasonal patterns.
Many factors such as water bodies, rainfall, population density, temperature etc. are associated with malaria and its control (Palaniyandi, 2012) . The use of GIS in mapping of malaria incidences is currently being used at regional, national, and international level and its impact is also increasing in prediction and control of malaria . Spatio-temporal mapping of malaria disease can help to identify the areas of high risk which should be monitored and to develop strategies to control this disease (Zacarias et al., 2011) . Maps generated by GIS software provide visual representation of those areas which are at high risk and need to be treated well to control malaria (Riedelet al., 2010) . The use of geographical modeling of malaria distribution is a key to understand the spatial and temporal patterns. These patterns reflect the factors that causes malaria; diversity in the distribution of vectors and their contact with humans (Zacarias et al., 2010) .
Use of GIS and spatial statistical methods are contributing in developing risk maps of malaria based on its distribution at regional and country level (Bhunia et al., 2010) . Many studies used different approaches to model the spatial distribution of malaria due to their flexibility, robustness in mapping of disease and making decisions. To estimate the risk of malaria; statistical analysis are being performed in many countries around the world (Zacarias et al., 2010; Stensgaard et al., 2011) .
To develop more effective and viable strategies to control malaria and its removal, there is a need of better understanding of spatio-temporal distribution of malaria vectors (Ferguson et al., 2010; Sinka et al., 2012) . Therefore, main focus of this study is on identifying the hot spots of malarial cases based on several factors like rainfall, water bodies, population density etc.
MATERIALS AND METHODS

Study Area
Gujrat, the 18 th largest city of Pakistan in terms of population, has been selected for this study. It is situated between two rivers i.e. Chenab and Jhelum. This area has been selected for this study because there are more possibilities of infectious diseases in this district due to its geographic location and environmental factors. 
Data Collection
Data of malaria cases was collected from District Health Office Gujrat. Temperature and rainfall data was extracted from satellite images and metrological stations data was obtained from Pakistan Meteorological Department (PMD). Landsat data was downloaded from earth explore website and Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) was calculated using ArcMap software. Population density and water bodies have also been considered to carry on this study.
Methodology
Data gathered from District Executive Health Office Gujrat was analyzed statistically by considering gender and age of individuals. NDVI and NDWI were calculated using Landsat 8 data with the help of ArcMap and region of Gujrat is extracted for this study. Temperature and rainfall data downloaded through satellites and collected from PMD was analyzed to find its impact on malaria transmission. Regression analysis was performed to evaluate the relationship of malaria cases on the factors i.e. population density, NDVI, NDWI, rainfall and temperature. Further on, Moran's I tool is used to calculate spatial autocorrelation. It evaluates whether the pattern is clustered, dispersed or random (Oliveira et al., 2013) . Hot spots of malaria were identified by considering all above parameters and relation of these parameters with disease occurrence and transmission.
RESULTS
General Analysis
General analysis shows that 54% males and 46% females were affected by malaria. Among all the cases 46% cases are of the children whose age is less than 10 years. While 22% cases are of age between 11-20 years, 19% are of between 21-40 years, 11% between 41-60 years, and 2% cases are of age greater than 60 years. This shows that 68% of reported cases are of age 20 or less. 
Spatio Temporal Analysis 3.2.1 Rainfall and Malaria
This study shows positive relation with rainfall. There was high amount of rain in months of July and August that grounds more places for mosquito breeding and it results in more malaria cases.
Temperature and Malaria
Temperature plays a vital role in spreading of vector borne diseases. Temperature between 20-35 o C remained suitable for mosquito breeding and it shows both positive and negative correlation with temperature.
Vegetation and Malaria
Results show positive and negative correlation with malaria disease. It indicates that more vegetation are more suitable breeding sites for mosquitoes and it may results in more malaria transmission and occurrence.
Other Factors and Malaria
Water bodies and population density shows a variation in results. It has been observed that some areas having high population but resulted less malaria cases and vice versa. Similarly, water bodies such as ponds, rivers and streams showed variation in terms of malaria incidence.
Moran' I and Hot Spots
Overlay analysis is performed on all layers of data and Moran's I was calculated with Moran's index 0.294846 and zscore 62.420632. It shows that pattern is clustered. Hot spots using Getis-OrdGi* were identified by considering all the factors and risk map of Gujrat was prepared for malaria identification and elimination.
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 Figure 2. Dark red areas shows the hotspots for malaria based on given factors on risk map 4. CONCLUSION This study was conducted to measure the effect of environmental factors such as rainfall, temperature, NDVI etc. on malaria. It shows positive relation with rainfall while there was no significant correlation found with the other factors. It is important for researchers to consider additional factors effects on malaria transmission such as socio-economic etc. to identify high risk areas for vector borne diseases. Such types of studies shall help policy and decision makers to take preventive measures to control and eliminate such types of diseases. Moreover, there is a dire need to investigate the relationship among different types of vector borne diseases which are causing heavy burden on low incoming countries.
